16 and N5 are naturally occurring tobravirus isolates that produce symptoms in herbaceous plants similar to those induced by strains of tobacco rattle virus (TRV). In immunosorbent electron microscopy tests, however, they reacted with antisera to particles of pea early-browning virus (PEBV), not TRV. Furthermore, these tests indicated that 16 was related to the British serotype of PEBV and N5 to the Dutch. Pseudo-recombinant isolates were produced by reassortment of the genome parts of 16 or N5 with those of TRV, in any combination, but not in most combinations with those of PEBV. However, I6 RNA-2 was replicated in plants inoculated also with RNA-1 from an isolate of the British serotype of PEBV, but the PEBV RNA-1 was imperfectly packaged by 16 coat protein, and the virus particles seemed to have only limited stability. Nucleic acid hybridization experiments showed that the RNA-1 sequences of both I6 and N5 were similar to those of TRV strains. I6 RNA-2 contained sequences resembling those of the British serotype of PEBV, but with some TRV-like sequences at the 3' and 5' ends, whereas N5 RNA-2 contained more extensive TRV-like 3' and 5' ends flanking sequences that were related, but perhaps not closely, to those of the Dutch serotype of PEBV. Thus, the RNA-2 species of 16 and N5 were recombinant molecules that contained sequences typical of both TRV and PEBV, and which probably had separate but similar evolutionary origins. As a result of their hybrid nature, I6 and N5 were part of the gene pool and had the pathogenicity of TRV, while possessing the serological properties of PEBV. Recently, it has become apparent that an Italian tobravirus isolate (I6; van Hoof et al., 1966) and one from Scotland (N5; Harrison et al., 1983) could not be neatly categorized either as TRV or as PEBV. 16 was originally obtained from tobacco roots growing in pots of soil from Mesola on the Po estuary. It produces tiny lesions resembling those of TRV in inoculated Phaseolus vulgaris leaves (Harrison, 1973), and symptoms in Pisum sativum that are also identical with those of TRV (van Hoof et al., 1966) . However, I6 reacted with antiserum against a British isolate of PEBV, but scarcely or not at all with antisera against TRV (van Hoof et al., 1966; Cooper & Mayo, 1973) . N5 was obtained from a naturally infected plant of narcissus cv. Golden Harvest from a commercial stock grown on a farm in eastern Scotland. It produced pinpoint 0000-7843 © 1987 SGM
INTRODUCTION
Tobacco rattle virus (TRV) and pea early-browning virus (PEBV) are considered to be taxonomically distinct tobraviruses, based on differences in their ability to infect leguminous species systemically, and on the lack of strong nucleic acid homology or antigenic relationship between them (Robinson & Harrison, 1985a) . However, although the nucleotide sequence of RNA-1 of each virus is largely conserved in different isolates, that of RNA-2 and the antigenic specificity of virus particles can vary greatly (Robinson & Harrison, 1985a, b) . IP: 54.70.40.11 On: Sat, 29 Dec 2018 14:14:17 2552 D. J. ROBINSON AND OTHERS local lesions in inoculated leaves of Ph. vulgaris, but did not react with antisera to TRV (Harrison et al., 1983) .
In this paper, we confirm and extend previous knowledge on the biological and serological properties of 16 and N5, and describe experiments to examine the homologies between their genomes and those of other tobraviruses. In addition, we have tested the ability of the separate genome parts of I6 and N5 to form pseudo-recombinants with the complementary genome part from other tobraviruses.
Previously, tobravirus subgenomic RNA species have been designated RNA-3, RNA-4, etc., in order of decreasing size, and this had led to some confusion with functionally different species from different strains having the same name. Recently, representatives from several laboratories working with these viruses agreed to rationalize the nomenclature, by using a system in which subgenomic RNA species would be denoted by lower case letters following the name of the genomic RNA from which they originate, and functionally equivalent species from different strains would bear the same name. In particular, the coat protein messenger subgenomic RNA will be called RNA-2a, and the messenger RNA for the protein of mol. wt. 28 826 encoded by RNA-1 of TRV strain SYM (Boccara et al., 1986) , and its analogues in other strains, will be called RNA-la. This system is adopted in this paper.
METHODS
Virus isolates. I6 is isolate No. 6 described by van Hoofet aL (1966) . N5 is the isolate from narcissus plant N5, described by Harrison et al. (1983) . The isolates of PEBV used were SHE (PEBV-SHE) and SP5 (PEBV-SP5), which are isolates of the British serotype from pea (Robinson & Harrison, 1985a) , El 16, an isolate of the Dutch serotype from pea (kindly supplied by L. Bos; PEBV-D) and BBYBV, an isolate from Viciafaba in Italy (Russo et aL, 1984; PEBV-BBYB) . Unless otherwise stated, TRV was strain SYM (Kurppa et al., 1981) ; other strains were as used by Robinson & Harrison (1985a) . Pepper ringspot virus (PRV) was strain CAM (Harrison & Woods, 1966) . All isolates obtained from other countries were held under licence from the Department of Agriculture and Fisheries for Scotland. NM-type isolates were derived from I6, N5, TRV, PEBV-BBYB and PEBV-SHE as described by Robinson & Harrison (1985b) .
Purification and fractionation of virus particles and extraction of RNA. Virus particles were purified from systemically infected leaves of Nicotiana clevelandii as described by Robinson & Harrison (1985b) , omitting titration to pH 8. Short (S) particles of I6, N5, TRV, PEBV-SHE and PEBV-D were obtained by two cycles of centrifugation in sucrose gradients containing 17 mM-phosphate pH 7.8, as described by Kurppa et al. (1981) . RNA was extracted from virus particles as described by Robinson et al. (1983) , and from leaf tissue of N. clevelandii infected with NM-type isolates as described by Harrison & Robinson (1982) .
Serological methods. Antiserum to the British serotype of PEBV was prepared to PEBV-SP5; antiserum to PEBV-D was kindly supplied by D. Z. Maat.
Immunosorbent electron microscopy (ISEM) was performed as described by Roberts & Harrison (1979) . The F(ab')2 form of ELISA was as described by Barbara & Clark (1982) . Plates were coated with the F(ab'), fraction of N5 antiserum globulin at 2 ~tg/ml, detecting N5 antiserum was used at 1:400 dilution, and Protein A horseradish peroxidase conjugate was at 1:20000. The enzyme substrate was 3,3',5,5'-tetramethylbenzidine.
Pseudo-recombination experiments. These were done as described by Robinson & Harrison (1985b) . Nucleic acid hybridization tests. Randomly primed 3H-labelled cDNA copies of virus RNA were prepared as described by Robinson et al. (1980) , and used in solution hybridization tests as described by Robinson & Harrison (1985b) .
For Northern blot analysis, samples of virus RNA (0.1 ~tg) were fractionated on an agarose gel containing formaldehyde (Maniatis et al., 1982) and blotted onto a nitrocellulose membrane (Thomas, 1980) . Probes were labelled by various means. Probe A is a synthetic oligonucleotide complementary to the 66 nucleotides at the 5' end of TRV-SYM RNA-1 (Hamilton et al., 1987) and was labelled at the 3" end with polynucleotide kinase. Probes B to H covered the regions of SYM RNA-1 shown in Fig. 1 , and correspond to the following residues in its sequence (Hamilton et al., 1987) : B, 45 to 310; C, 745 to 2720; D, 1995 to 4195; E, 5071 to 5690; F, 5690 to 6562; G, 6444 to 6712; H, 6681 to 6791. Probes B, E, F and G were subclones in M 13 vectors mp 18 or mp 19 (Yanisch-Perron et al., 1985) . The single-stranded M13 DNA was copied using sequence primer and DNA polymerase (Klenow fragment). Probes C, D and H were fragments of double-stranded DNA from plasmid clones of RNA-1 which were labelled by nick-translation (Maniatis et al., 1982) . Probes to PEBV-SHE or PEBV-D were prepared by random oligonucleotide priming on virus RNA. 
RESULTS

Biological and serological properties of 16 and N5
When inoculated into a range of plant species, both I6 and N5 produced symptoms similar to those induced by TRV isolates. In particular, both produced pinpoint necrotic lesions in inoculated leaves of Ph. vulgaris and sporadic small lesions in inoculated leaves of Pi. sativum and V. Jaba, but neither infected any of these leguminous species systemically. Both isolates infected N. clevelandii systemically, but whereas the systemic symptoms of I6 were mild, N5 caused a severe necrosis which killed many of the plants.
In ISEM tests (Table 1) , N5 particles reacted strongly with antiserum to PEBV-D, and PEBV-D particles reacted strongly with antiserum to N5 ; neither reacted appreciably with antiserum to PEBV-SP5. In contrast, I6 reacted strongly with antiserum to PEBV-SP5 but only weakly with antiserum to PEBV-D. The data in Table 1 also show that PEBV-SP5 had antigenic determinants which reacted with PEBV-D antiserum but not with N5 antiserum, and that these determinants were not shared with I6. Thus, N 5 was serologically closely related to but different from PEBV-D, and I6 was strongly related to but different from PEBV-SP5. None of the isolates reacted with antisera to strains of TRV and, in an additional test, particles of PEBV-BBYB, representing a third serotype of PEBV, reacted only weakly with N5 antiserum (increase factor 2.7).
The serological relationship between N5 and PEBV-D was confirmed by F(ab')_,-ELISA with N5 antibodies. The A~50 values, recorded 20 min after adding substrate, for sap extracts from N. clevelandii were as follows (values for buffer controls subtracted): N5, 1.11; PEBV-D, 0.48; PRV, 0.06; virus-free, 0-0.
Nucleotide sequence homologies with other tobraviruses
Complementary DNA copies made from unfractionated RNA of I6 or N5 reacted in solution hybridization tests with RNA of TRV but scarcely or not at all with RNA of PRV, another member of the tobravirus group (Robinson & Harrison, 1985a) . Furthermore, I6 cDNA hybridized strongly with RNA of PEBV-SHE but only slightly with that of PEBV-D or PEBV-BBYB, whereas N5 cDNA hybridized strongly with RNA of PEBV-D but only slightly with that of PEBV-BBYB or PEBV-SHE (Table 2) . Because there is substantial homology between the RNA-1 species of PEBV strains belonging to different serotypes (Robinson & Harrison, 1985 b ), these results suggest that the homologies between I6 and PEBV-SHE and between N5 and PEBV-D are largely in RNA-2.
In tests with cDNA prepared against separated RNA components of TRV, I6 RNA reacted with cDNA to RNA-1 but not significantly with cDNA to RNA-2 (Table 2) . Moreover, when RNA from plants infected with the I6 NM-type isolate, which contains no RNA-2, was hybridized with TRV cDNA, 39% of the cDNA became resistant to S1 nuclease digestion, but with PEBV-SHE cDNA only 5 % became resistant. RNA from healthy plants rendered 4% and Gonda & Symons (1978) , in tests using unfractionated RNA preparations hybridized to a Rot value of 0.5 mol. s/1. No correction is made for possible differences in relative amounts of RNA-1 and RNA-2 in unfractionated RNA preparations. t NT, Not tested.
1 ~o respectively of these cDNA preparations resistant. Thus, the homology between I6 and TRV is principally in RNA-1.
In order to define more closely the regions of homology between the genomes of I6, N5 and TRV, Northern blots of RNA extracted from purified particles of I6, N5, TRV strains SYM, PRN and ORY, and PEBV-SHE and PEBV-D were hybridized with a series of eight cDNA probes representing defined parts of TRV-SYM RNA-1. Fig. 1 shows diagrammatically the region of RNA-1 represented in each probe, together with autoradiograms of the individual blots (A to H). All eight probes reacted with RNA-1 of each of the TRV strains as well as with RNA-1 of I6 and N5, showing that all of these isolates have RNA-1 species containing similar sequences. In addition, the four probes nearest the 3' end hybridized with RNA-la of each of these isolates, although the reactions with TRV-ORY RNA-la were rather weak, suggesting that relatively few virus particles contained this species. All the RNA-la species seemed to be of similar tool. wt., implying that they are analogous to RNA-la of TRV-SYM, which is a subgenomic RNA encoding a 29K protein Boccara et al., 1986) . None of the probes detected RNA-lb, which is a subgenomic species derived from the 3' end of RNA-1 that codes for a 16K protein. This confirms for a range of tobraviruses the finding of Boccara et al. (1986) that RNA-lb is not encapsidated. Probes A and B, representing sequences near the 5' end of TRV-SYM RNA-1, also reacted with RNA-2 of the three TRV strains and of I6 and N5. It is likely that the sequences that reacted with these probes were near the 5' end of RNA-2, and thus that there were sequences common to the 5' ends of RNA-1 and RNA-2 of each of these strains. Probes C, D and E, representing the central portion ofTRV RNA-1, did not react with RNA-2 of any of the strains, but at the 3' end there was evidence for sequences common to the two genome parts, as previously found for PRV (Bergh et al., 1985) and TRV strain PSG . Probe F hybridized with RNA-2 of TRV strains ORY and PRN and of N5, probe G with these three and TRV strain SYM, and probe H with these four and I6. This showed that these 3' terminal common sequences were shorter in TRV-SYM than in TRV-ORY, TRV-PRN and N5, and that in I6 they were shorter still. For the three TRV strains and N5, an additional RNA species (RNA-2a) shorter than RNA-2 was observed, which gave the same pattern of reactions with probes F to H as did RNA-2. For TRV strains PRN (Ramirez-Baudrit, 1981) and SYM , RNA-2a was shown to be a subgenomic species derived from RNA-2, and it may be inferred that RNA-2a of TRV-ORY and of N5 had a similar origin. None of the probes hybridized with any RNA species of PEBV-D, and only probe H reacted weakly with RNA-2 of PEBV-SHE, confirming the lack of substantial homology between the genomes of TRV and PEBV (Robinson & Harrison, 1985a) .
Additional Northern blots of the same RNA preparations were hybridized with randomprimed cDNA probes prepared from unfractionated RNA of PEBV-SHE and PEBV-D (Fig. 2) . Both RNA-1 and RNA-2 of each PEBV serotype reacted with the homologous probe, although the reaction of PEBV-D RNA-1 was only evident in the longer exposure, probably because the RNA preparation contained relatively little of this species. RNA-1 of each serotype also reacted with the heterologous probe, confirming that the sequences of RNA-1 of PEBV, like those of TRV, are conserved between strains (Robinson & Harrison, 1985 b) . A weak reaction of PEBV-D RNA-2 with the PEBV-SHE cDNA was also found, but PEBV-SHE RNA-2 did not hybridize with PEBV-D cDNA. Further analysis of PEBV RNA sequences will be required to determine the reason for this difference. RNA-1 of I6 and N5 did not react with either probe, but RNA-2 of I6 hybridized strongly with the PEBV-SHE probe and RNA-2 of N5 hybridized weakly with the PEBV-D probe, although the last reaction is scarcely visible in the photograph. Thus the picture that emerged from the hybridization results was that the RNA-1 sequences of both 16 and N5 were similar to those of TRV strains. I6 RNA-2 sequences were like those of PEBV-SHE, except for some TRV-like sequences at the 3' and 5' ends, whereas N5 R N A -2 contained TRV-like 3' and 5' ends flanking sequences that were related, but perhaps not closely, to those of PEBV-D (Fig. 3) .
Production of pseudo-recombinant isolates
In general, pseudo-recombinant isolates, in which RNA-1 and R N A -2 are derived from distinct tobravirus isolates, are readily produced from pairs of strains of either TRV or PEBV, but not when the two R N A species are derived from different tobraviruses (Harrison & Robinson, 1986) . However, the finding that I6 and N5 have genomes that contain sequences characteristic of both TRV and PEBV suggested that these isolates might form pseudorecombinants in novel combinations. Accordingly, attempts were made to produce pseudorecombinant isolates in which one genome part was derived from N5 or I6 and the other was from TRV or PEBV.
R N A extracts from plants infected with NM-type isolates were used as the source of RNA-1, and the data in Table 3 show that the infectivity in all lesions produced by these inocula alone in Chenopodium amaranticolor was unstable to freezing and thawing, confirming that the NM-type On: Sat, 29 Dec 2018 14:14:17 § C. amaranticolor plants became infected systemically. I1 Virus subcultured from this plant did not contain nucleotide sequences typical of PEBV-SHE and presumably was produced as a result of contamination of N5 RNA-2 with N5 RNA-1.
Recombinant tobravirus isolates
isolates were free of RNA-2. RNA-2 in the mixed inocula was provided by extracts from S particle preparations, and Table 3 also shows that these were scarcely infective when inoculated alone. Thus, almost all lesions produced by the mixed inocula must have contained RNA-1 from the NM-type source. In the four combinations TRV-NM RNA-1 + 16 RNA-2 (RlI2), TRV-NM RNA-1 + N5 RNA-2 (R1N2), I6-NM RNA-1 + TRV RNA-2 (I1R2) and N5-NM RNA-1 + TRV RNA-2 (N 1R2), a proportion of lesions in C. amaranticolor contained nucleoprotein particles, and isolates obtained from these lesions produced symptoms typical of TRV in test plants. The two combinations that contained TRV RNA-2, I1R2 and N1R2, infected C. amaranticolor systemically, a property determined by RNA-2 of TRV-SYM (Kurppa et al., 1981) . Therefore, pseudo-recombinants can be produced by reassortment of the genome parts of 16 or N5 with those of TRV in any combination.
In three combinations, I6-NM RNA-1 +PEBV-SHE RNA-2 (I1B2), N5-NM RNA-1 + PEBV-D RNA-2 (N1D2) and PEBV-SHE-NM RNA-1 + N5 RNA-2 (B1N2), none of the lesions in C. amaranticolor that were tested contained nucleoprotein particles (Table 3) . One N. clevelandii plant inoculated with B1N2 did contain nucleoprotein particles, but RNA extracted from purified particle~ of an isolate propagated from this plant hybridized with cDNA (Gonda & Symons, 1978). to TRV, PEBV-D or N5, but not with cDNA to PEBV-SHE, suggesting that the isolate did not contain PEBV-SHE RNA-1 but was a result of contamination of the preparation of N5 RNA-2 with N5 RNA-1. Thus, in these combinations there was no evidence for production of pseudorecombinant isolates containing RNA species from PEBV and either N5 or I6.
An apparent exception to this general pattern was obtained with the combination PEBV-SHE-NM RNA-1 + I6 RNA-2 (BII2). Some lesions from C. amaranticolor plants inoculated with this mixture contained infectivity that resisted freezing and thawing, but attempts to establish M-type isolates by subculture from them failed. However, an isolate was obtained from systemically infected leaves of N. clevelandii, and its properties were investigated.
Properties of pseudo-recombinant isolate B l I2
Inoculation of B 1 I2 to a range of test plants produced symptoms typical of TRV strains and of the I6 parent. In particular, pinpoint local lesions but no systemic infection developed in Ph. vulgaris. Sap from systemically infected leaves of N. clevelandii was highly infective, but the infectivity was greatly depleted, although not abolished, by freezing and thawing, suggesting that only a few, at the most, of the RNA-I molecules could have been incorporated in stable virus particles. However, electron microscope examination of leaf extracts showed that they contained both long and short particles, in proportions of about one to ten.
A nucleoprotein preparation obtained by our usual virus purification procedure was also examined in the electron microscope, both before and after fixation with glutaraldehyde. Few recognizable tobravirus particles were seen, but a great deal of small, rather regular-sized material was observed that might have been very short broken rods. When RNA extracted from such a preparation was analysed by agarose slab gel electrophoresis after denaturation with formamide plus formaldehyde, a weak band with the same mobility as that of I6 RNA-2 was observed, but not one in the position expected for RNA-I. However, the most prominent feature was a smear of rapidly migrating, presumably fragmented material. Similar results were obtained whether gels were stained with ethidiurn bromide or were blotted and probed with random-primed cDNA prepared against PEBV-SHE RNA. In solution hybridization tests (Table 4) , B 1 I2 RNA hybridized with cDNA to unfractionated RNA of PEBV-SHE to the same extent as did unfractionated I6 RNA, but did not react with cDNA to TRV or PEBV-D. These results suggest that these preparations contained only RNA-2.molecules derived from I6, and that any RNA-1 molecules were so degraded or so few as to be undetectable by hybridization.
Thus, it seems that RNA-2 of I6 was recognized by a gene product or products of PEBV-SHE RNA-1 sufficiently well to enable it to be replicated. PEBV-SHE RNA-I itself was presumably also replicated, but although a few long nucleoprotein particles were made in infected cells, packaging by I6 coat protein was inefficient and gave rise to particles of limited stability.
DISCUSSION
The findings described in this paper provide new information on the structure of tobravirus genomes and especially on their patterns of variation at both the molecular and the biological level. The results of our nucleic acid hybridization experiments indicate that there is homology between TRV RNA-1 and RNA-2 not only at the 3' ends ) but also at the 5' ends, that the homologies at both ends include sequences which are conserved in different strains of TRV, and that there is no extensive homology between the terminal sequences of TRV strains and those of PEBV. With TRV, it is also clear that the extent of sequence homology between RNA-1 and RNA-2 is different in different strains. This is particularly evident at the 3' end, where RNA-2 molecules of both TRV-ORY and TRV-PRN include sequences that extend well into the region of probe F, whereas RNA-2 of TRV-SYM is homologous with RNA-1 only in the region of probes G and H. Although TRV-SYM has the shortest 3' terminal homology between RNA-1 and RNA-2 among the strains included in these experiments, it has the longest RNA-2 (3.9 kb; Robinson et al., 1983) . Thus, the variation in size of RNA-2 between TRV strains is not accounted for by the longer RNA-2 molecules having more sequences in common with RNA-1. Moreover, in TRV-SYM, RNA-2a, the coat protein messenger, is 1.7 kb long and is 3' coterminal with RNA-2, as shown by its hybridization with probes G and H (Fig. 1) . The extra length of RNA-2 of TRV-SYM is thus made up of sequence of unknown origin located on the 5' side of the coat protein gene.
The pattern of homologies that emerges for both I6 and N5 is that RNA-1 is composed largely of typical TRV RNA-1 sequences, whereas the bulk of the internal region of RNA-2 comprises PEBV-Iike sequences. The 3' and 5' ends of RNA-2, however, are homologous with those of TRV genome RNA (Fig. 3) .
The biological properties of I6 and N5 are influenced both by the TRV-like and by the PEBVlike elements in their genomes. The symptoms induced by these isolates, especially those in leguminous species such as Ph. vulgaris, are essentially TRV-like and distinct from the effects of most PEBV strains. However, although these symptoms of I6 and N5 are probably determined by their TRV-like RNA-1, the observation that some pseudo-recombinants between PEBV strains induce TRV-like symptoms in Ph. ~:ulgaris (Robinson & Harrison, 1985b) implies that symptom type is not determined solely by RNA-1 in all instances. In contrast, the antigenic specificity of tobravirus particles is determined by RNA-2 (S~inger, 1968) . The serological relationship between I6 and the British serotype of PEBV, and that between N5 and PEBV-D, is therefore explained by the PEBV-like sequences in the RNA-2 of I6 and N5 including the coat protein gene or a large part of it.
A third biological property of I6 and N5, ability to form pseudo-recombinants with genome parts from TRV but not readily with those from PEBV, suggests a role for the terminal nucleotide sequences in determining compatibility between genome parts. The end sequences of RNA-2 may be involved in recognition by a gene product or products of RNA-1, presumably including an RNA replicase. PEBV RNA-2 species do not form pseudo-recombinants with TRV RNA-1 (Lister, 1968 " Robinson & Harrison, 1985 ), but our results show that the addition or substitution of TRV-like 3' and 5' end sequences in N5 RNA-2 enables the replication of PEBV RNA-2 sequences to be supported by TRV RNA-1, but not by PEBV RNA-1. Replication of I6 RNA-2 can be supported by gene products of either TRV RNA-1 or of PEBV-SHE RNA-1, although it is not clear whether the support given by PEBV-SHE RNA-1 is fully effective. This dual recognition may indicate that I6 RNA-2 retains, at least in part, sequences required for recognition by PEBV replicase as well as having acquired those needed for recognition by TRV replicase, or it may indicate that TRV and PEBV-SHE have somewhat similar 3' terminal sequences. In this connection it is worth noting that probe H reacted weakly with PEBV-SHE RNA-2 (Fig. 1) , and that the 13 nucleotides at the 3' end ofRNA of PEBV-SP5 are the same as those in TRV-PSG (Hughes, 1985 . Packaging of tobravirus RNA in nucleoprotein particles presumably requires the recognition of features in the RNA sequences by virus coat protein. I6 protein, however, seems to package RNA-1 of PEBV-SHE inefficiently, despite its serological resemblance to PEBV coat protein. In contrast, the proteins of serologically distinct PEBV strains apparently coat PEBV-SHE RNA-1 efficiently (Robinson & Harrison, 1985b) . It is predicted therefore that a major difference between the coat protein sequences of I6 and of PEBV strains is in the domain involved in initiating the packaging interaction between virus RNA and coat protein.
We consider that I6 and N5 are best regarded as strains of TRV. RNA sequences that normally form part of the PEBV gene pool appear to have been captured by the TRV gene pool, and are now freely available for interchange by pseudo-recombination with the rest of the TRV gene pool. TRV strain TCM (Angenent et al., 1986) probably has a genome of similar construction. Thus plant virologists are now faced with a situation in which serological tests are not merely inconclusive guides to the identity of virus isolates but one in which they can be misleading.
The observation of the variable extent of homology between RNA-1 and RNA-2 of different TRV strains (Fig. 1) suggests a mechanism by which such isolates may have evolved. It is proposed that tobraviruses possess a mechanism in which the terminal homology of the genome RNA species is maintained by substitution of RNA-1 sequences into RNA-2. Such a mechanism could explain the origin of N5, I6 and TCM if, in a double infection of TRV and PEBV, the terminal sequence substitution of TRV RNA-1 occurred erroneously onto the slightly similar PEBV RNA-2 instead of onto TRV RNA-2. The resultant RNA-2 would thus become dependent on TRV RNA-1 for replication. At least for 16 and N5, the PEBV RNA has been derived from different strains, and implies that these two isolates have arisen independently. The suggested mechanism, based on recombination between RNA molecules, may be similar to that observed in recent experiments with RNA derived from brome mosaic virus (Bujarski & Kaesberg, 1986) . Our results are strong evidence that recombination can play a role in the generation of new biologically well-adapted variants in nature.
